Carotenoid colour displays are widely assumed to be honest indicators of individual health or quality, primarily in mate attraction. Here we show that sexually dimorphic carotenoid ornamentation functions as an agonistic signal in male red-collared widowbirds, Euplectes ardens. Mounted male models differing (within natural limits) in the intensity of carotenoid signalling were presented to wild resident males as simulated intruders, perched or made to 'fly' across the territory with the elongated tail folded or keeled. Perched mounts were generally ignored, and stronger aggression towards 'flying' models with a keeled tail (i.e. as in courtship display) than a folded tail suggests the tail display is used to assess the intention of intruding males. Territory owners were less aggressive towards models with intense collar display, suggesting that carotenoid coloration functions as a badge of status in this species. The level of aggressive response was also related to the resident's own badge in that males with larger, redder collars responded more aggressively to the models. In addition, males with a larger collar signal defended larger territories and spent less time in territory defence. Apart from the collar size and 'redness', no other morphological variable predicted the aggressive response of territorial males. Given the previously demonstrated insignificance of the collar in female mate choice, we suggest that the nuptial carotenoid coloration is an honest signal of dominance or fighting ability, sexually selected through male contest competition over territories.
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Carotenoid pigmentation is a major component of conspicuous coloration and sexual dichromatism in birds (Fox & Vevers 1960; Brush 1978; Bortolotti et al. 1996; Badyaev & Hill 2000) . Carotenoids are also vital nutrients for all animals and, owing to the presumed costs of foraging, parasite-inhibited uptake, or competing physiological functions (Lozano 1994; Olson & Owens 1998) , carotenoid displays have become favourite candidates for honest signalling of resources or 'good genes', primarily in the context of sexual selection (M. Andersson 1994; Hill 1999; Møller et al. 2000) . In birds, female mate choice based on male carotenoid display has been tested in several species (see Hill 1999, for a review). However, despite many indications that avian carotenoid ornaments also function in agonistic signalling (e.g. , such results mostly derive from removing or covering the trait rather than showing an effect of natural signal variation. Furthermore, some recent studies that do address carotenoid signal variation, albeit in the nonbreeding season, found no or even negative effects on male dominance (Brown & Brown 1988; Belthoff et al. 1994; Wolfenbarger 1999; McGraw & Hill 2000) . These somewhat paradoxical results, together with the lack of objective colour quantification in most studies of avian carotenoid displays (i.e. with reflectance spectrometry; see Endler 1990), have left the role of carotenoid honesty in male-male sexual contest competition unresolved.
We investigated the agonistic function of the red 'collar' in male red-collared widowbirds, Euplectes ardens, a species well suited for the study of this issue. The male has striking seasonal and sexual dimorphism, and moults from a cryptic sparrow-brown nonbreeding plumage into Correspondence and present address: S. R. Pryke, Department of Zoology, Göteborg University, Box 463, Sweden (sarah.pryke@zool.gu.se 
